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This talk is about

contribution from gluon spin
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A, consist of PDF
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A consist of PDF, FF
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A, consist of PDF, FF |

Partonic reactions
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PHEN X detectors
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Central Arm can
measure
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Cross section study in PHENIX
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pQCD can explain our data.
(Factorization works well)
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(62.4 GeV)

pQCD can explain our data.

(Factorization works well)
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pQCD can explain our data.
(Factorization works well)
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pQCD can explain our data.

(Factorization works well)
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The A, results
from PHENIX
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The inclusive 1 production

have a large constrain of A G.
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' PHENIX
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Vs <Pp> | <Py L FOM
(GeV) | (%) | (%) (pbh) | (PL)
Run5 | 200 50 49 2.5 0.15
Run6 | 200 56 57 6.5 0.66
Run9 | 200 57 57 14 1.5
Fraction of n? produced
___ qg+gq
0.5 P B
X
0.4 N
Mgy qq
0.3 N
0.2 00
0.1 B
0 2 4 & 8 10 _ 12
pr (GeV)

gg scattering is dominant sub process at low pt.




The 1 production
have sensitivity for sign of gluon PDF
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Q? = 10 GeV?
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a7 =ud 7 =du
- u-quark decay into T

* d-quark decay into T ~

From sign of quark’s PDF and FFs.
e ALY AL 0)S A ) for i G0
ALY <AL < A, () for AG<O

FF; Quarks decay into 7+,0

un® DSS NLO x0.1

dn* DSS NLO x0.1
un® DSS NLO x0.1

dn® DSS NLO x0.1

Q% =10 GeV?
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The 1 production
have sensitivity for sign of gluon PDF
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a’ =un—-dd

The 7 meson production;
Different FF and statistics.

* We believe A for inclusive hadron production is small.

n meson A;; become systematic check.
- Different E.F. and different statistics.

* Reconstruct 1 meson from 2gamma.
* Branching Ratio of n 22gamma; 40%.
» Statistics is limited compare with % 10~ 15% of m°’s statistics
pdf/1000 614532 pdf

N =u + dd — 255

200 GeV p+p
Midrapidity

0.6

04
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[ | L L L
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The 7 meson production;

p

Different FF and statistic
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The single electron almost

exclusively come from g-g scattering

subprocess fractions
l L ' | l ) ] . ' ] L] ] I . '
. . —0
o;/0 CIEQ - D" —=K ve'
D’ —Kve'
* g-g scattering is dominant process.
So, the single e is clean channel for the Ag.

* The electron from heavy meson decay.

6
p;[GeV]
http://arxiv.org/abs/0911.2146
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p+p\s=200GeV (05' result)

e (05" single e cross section

total BG electrons (cocktail)

F n'—yee
Y conversion

n->yee
n'—yee
—— p—)éa

—— @—ee and o-1"ee

— Il

direct Y contribution

clectron almost
> from g-g scattering

The electron from heavy meson decay.
D" — Eovef
D' —=Kwve'
g-g scattering is dominant process.
So, the single e is clean channel for the Ag.
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p+p\s=200GeV (05' result)

05' single e cross section

total BG electrons (cocktail)

F n'—yee
Y conversion
n->yee ]
/ 1'—Yee

p—ee

—— @—ee and o-1"ee

clectron almost
> from g-g scattering

The electron from heavy meson decay.

HBD is the gas Cerenkov detector
with Csl evaporated GEM.

oto Rikkyo U.



, The single electron
almost come from g-g scattering

A 2009 p-p\s=200GeV
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— 2009 result

107l
I 2005 (PRL.97.252002)

* HBD ; BG rejection for electron.

« RICH ; electron ID.

* DC/PC ; tracking & momentum. :

- EMCal ;energy to7 g PrEHminany AT
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PHENIX HBD was umnstalled
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* DC/PC ; tracking & momentut

- EMCal

; energy

Kimiaki Hashimoto Rikkyo U.

0.006

expected open charm A,

e single electron
ome from g-g scattering

Tttt

—

The subsequent study will be

" {eV/d]

200GeV

eliminarv L F%1

10'7§ pretiihitidby T T'T

-8
10 1 2 3 4

D




Current constrain on A G

Phys.Rev.Lett.103:012003,2009
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i DeltaG

Global Fitting result of A g with
RHIC Data(Not PHENIX analysis)

0.1 — as e Data set.
A node? N . U
experiment data data point
Recent PHENIX data type fitted
prefers slightly more | EMC, SMC DIS 34
0.05 positive Delta Q. : e CONMPASS DIS 15
E142. E143. E154. E155 DIS 123
HERMES DIS 39
HALL-A DIS 3
CLAS DIS 20
SMC SIDIS, h* 48
HERMES SIDIS, h* 54
SIDIS, 7% 36
SIDIS, K+ 27
0.05 COMPASS SIDIS, h* 24
PHENIX (in part prel.) 200 CGeV pp. 7” 20
» | PHENIX (prel.) 62 GeV pp, m° 5
DSSV v : STAR (in part prel.) 200 GeV pp, jet 19
0.1 : ' TOTAL: 67
o w0 . o : ](-ﬁhys.ReV.DSO2034030,20093

S. Taneja DIS 2011 Workshop



X DeltaG

0.1

-0.05

Global Fitting result of A g with

RHIC Data(Not PHENIX analys

DRV

[

1S

DSSV+Run9

A node?
Recent PHENIX data
prefers slightly more
positive Delta g.

o S L, ey
e R

0.1 T T

Uncertainty bandE==za :
Best Fit DG=0,08——
Dchi2 =1 DG=0.20=~—|
Dchi2 =1 DG=-0.06———

e missing

+PHENIX 2009 ®° data

-0

1
1 0.001 0.01

S. Taneja DIS 2011 Workshop




can access higher Bjorkenx

The low energy collisions

AL

http://arxiv.org/pdf/1101.0802.pdf
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002f 002f
C - BBNLO (u=p ) r -« BBNLO (u=p)
0 :_ Eiz: :tf (u=p.) -0'04:_ DiSV NLO l;i:_l
- pip—+ H'sX — DS! - fu=p) N o9 h#X —_— DbSV. NLL (u=p)
0.06 \5=624 GeV ¢ Aulh) -0.06] V5 =624 GeV e
PHENIX Preliminary [ PHENIX Preliminary
-0.08 L No correction for ~7% cortridution -0.09[__‘ No correction for ~T% contribution
o trom shorlved particke cecays o :_ trom short-lived particle docays
N + 13.5% pol. uncertalnly not inclused - = 13.9% pol. unzertainty not included
M P PR PR NPT N PR i I P
04 P P PP T | [T P PP 1 PP PR
9 05 1 15 2 25 3 a5 4'5(sewc)5 V%05 1 15 2 25 3 35 45 5
P, P, (GeVic)

* RUNOG6 data ; 15.6nb!, <Py y>=48%

* Unidentified hadron(ir,K,p etc)

* Tracking ; DC+PC

* RICH was used for rejecting background from electrons.
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The MPC Cluster

‘can access lower Bjorkenx region

2008 PHENIX Detector on of MPC
8, &
('/44, Central Magnet \\\\N&c T
“, > » Array of PbWO, crystals modeles.
N Seis * 412 crystals.
P OO0 |\
| - S » Higher energy 2gamma from 1
" HE merge E ;o> 20 GeV(Pt ;»>2 GeV)
- IHE * MPC can access low x ; x~ 10
“choo
South Side View North
s
- - 3 :
Pr Muon Piston Calorimeter s ooe
= FT ¢,s Va4 L
X \E(e te’) (3.1<|n|<3.9) [
' |l Direct y
x, = %(e_h +e7*) R
p _
IEne
0.2-h'
X 'I;l(.)t.he.(:{,.l....1....|....|..H|....|
9 72 3 4 5 ® 1
p, [GeV]

s Xy 2 : '
Forward boost Xq 7 Xg ].Koster’s D-thesis



The MPC Cluster

‘can access lower Bjorkenx region

20
00083_ PHENIX Prelimina
"t Run-2009 pp \/s=200 GeV » Array of PbWO, crystals modeles.
0.006 g?/g I\1I]¢Ier<tlga$ Scale Uncertainty - 412 crystals.
N o00ab- ' ' ‘ » Higher energy 2gamma from 1
. I\ merge E_,> 20 GeV(Pt_,>2 GeV)
£ 0.002 [ ? B i =5
540C T T J l « MPC can access low x ; x~ 107
R O s T
R S S| !
-0.002— 1 -
- 6 T
0.004— 5
oo S
A ol I R B B S osl|_n°
1 2 3 4 5 | Direct y
e Cluster P, (GeVic) sl
Ehe
O.Z:h'
—h H
xq xg DOther Y aJ | ! | | |

Forward boost: Xy > Xg

72 3 4 5 6 1
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Projection for MPC Clusters correlation

and MPC-Central arm correlation@ 500 GeV

https://www.phenix.bnl.gov/phenix/WWW/p/info/an/1005/pythia_lowx_ALL.pdf

Two 7’s in one MPC arm (f) Single 7% in the MPC (e) Trigger 7% in the MPC,
associate ¥ in the central arm (c)
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separate jets: large forward N 0B006dReA000 ~

boost X4 >> X,



Projection for MPC Clusters correlation

and MPC-Central arm correlation@ 500 GeV

https://www.phenix.bnl.gov/phenix/WWW/p/info/an/1005/pythia_lowx_ALL.pdf

Two 7’s in one MPC arm (f) Single ¥ in the MPC (e) Trigger 7% in the MPC,
associate ¥ in the central arm (c)
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i 0.001F
a 0 3 o y
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http://www.bnl.gov/npp/docs/PAC0612/PHENIX_BUP2012_r1.pdf



A, , for back-to-back

-0.001

-0.002

-0.003}

Projection for MPC Clusters correlation

and MPC-Central arm correlation@ 500 GeV

https://www.phenix.bnl.gov/phenix/WWW/p/info/an/1005/pythia_lowx_ALL.pdf

Two m%’s in one MPC arm (f)

«10°
zoE X, X4
18 Entries 2340 Entries
Mean 083179 Mean 0

Single 7 in the MPC (e)

457
X3 X4

Trigger 7% in the MPC,
associate ¥ in the central arm (c)

Fclusters in the MPC

Jun=zoo pb’

P=0.66
31<n, <39
12

p, (GeVic)

-0.001
P=0.55
-0.002
31<n<39
.0.0030...;...:...é...;...1%
p. (GeVic)

single cluster in the M
the Central Arm

=T

-0.001

I Ldt =200 pb”'
-0.002 P=0.55
31<n, <.3.9. In, | < o..as
-0.003f 4 n 3

8 1
P, (GeVic)

http://www.bnl.gov/npp/docs/PAC0612/PHENIX_BUP2012_r1.pdf




channel for A;; in PHENIX
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Di-Pi0 production
can reduce low-x events

Bjorken x distribution

e ) * Measure “Back-to-Back” n% which is produced
L PiO Pair in PHENIX Central Arm.
o1 (pt>4.0GeV) * This channel can reduce contribution from low-
| Inclusive-PiO X partons.

* This measurement is first time in PHENIX.

The points in analysis.

* 2 types of background asymmetries exist.

=» We need to subtract 2 background A;s

0.—

| llllllll | llllllll | llllllll L L L1l

10 107 102 10" 1

Bjorken x
Kimiaki Hashimoto Rikkyo U.




We can understand the structure of
2D spectrum from the fitting.

Fitting function=>» / / (Gaussian, + polynomial,)(Gaussian, + polynomial,)dxdy
xJy

2D 2gamma invariant mass distribution and an example of fitting.

hmass_forBGfrac_ptbin0

" Entries 117610

Mean x 0.1421

. Mean y 0.1416

_____________ 1 RMSx 0.03165

,,,,,,,,,,,, RMS y 0.03166

............ %* / ndf 3330/2102

------------ GausX:Amp 900 = 0.1939

,,,,,,,,,,,,,,,,,,,,,, 1 GausX:Mean 0.1371 = 4.764e-0

-1 e e GausX:Sigma 0.009737 = 3.913

1000— NG e PolX:par0 1.178 = 0.183

4 NL. e PolX:par1 10.05 = 1.454

.................... PolX:par2 -0.9993 = 0.3483

4 T cementtt GausY:Amp 400= 119

800 T NG e GausY:Mean 0.1369 = 4.874e-0

4 NG e GausY:Sigma 0.009731 = 4.032

,,,,,,,,,,, I U 5 PolY: 1.954 = 0.3006

1 e NG ey —1— PolY:par1 14.78= 1.99

------------- TR PolY:par2 0.0002006 + 0.3609

6001 NG = \ AmpBG1_partt 2.28 = 3.499

1T AR SR AmpBG1_part2 3).73 = 4.339
400~

200
0-

o 022

Kimiaki Hashimoto Rikkyo U.



Fitting function can write down
combination of 3 terms.

/ /(Gaussianx + polynomial, ) (Gaussian, + polynomial,)dxdy
x Jy

= //da:dyGaussxGaussy —|—//dxdy(Gausswp0ly—I—Gaussypolx) —|—//dxdy(p0lxpoly)

Kimiaki Hashimoto Rikkyo U.



Each terms correspond to
Signal and Backgrounds

//(Gausszan + polynomial, ) (Gaussian, + polynomial,)dxdy

[//d:z:dyGauss Gaussy}#[/ /d:z:dy Gausszpol, + Gaussypol,) ] [/ /dxdy (polypol,, )]

f PO pi(/ / no pi0 event

ol
pi0

Emcal I

Kimiaki Hashimoto Rikkyo U.



Inclusive ¥ A, have
just one background.

A, from signal window A, from BG window

Red : Signal+BG region

10 |- Blue : BG region

e

10’
°p, Wya
10° 2 GeV/e ~20%
5 ~8
10 ~5

10

(Vs = 200 GeV)

0.35 ¥
M, (GeV/c?)

0

2 v invariant mass distribution

But, there are 2 background A;s in di-n° analysis.

So, we need to modify this formula.

Kimiaki Hashimoto Rikkyo U.



Our new background
subtraction formula.

A, from signal window A, from BG window

Red : Signal+BG region

10" |- Blue : BG region

]

10° |-
n°p T Wga
2 GeV/e ~20%
5 ~8

10 ~5

(Vs = 200 GeV)

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

M, (GeV/c?)
Our new background subtraction formula.

ALL NSzgnal—l—BGl—l—BG’2 ASzngle—l—BGl—l—BGQ Npa1 ABGl
NSzgnal NS’zgnal NSzgnal
Kimiaki Hashimoto Rikkyo U.

10° |

10

NpBao
ABGQ




A, in signal window

include 2 background A;;

A, from signal window A, from BG window

Red : Signal+BG region
Blue : BG region

]

no pT wBG

2 GeV/e ~20%

5 ~8
10 ~5

(Vs = 200 GeV)

0.25 0.3 0.35 0.4
M, (GeV/c?)

Our new background subtraction formula.

A NSzgnal—l—BGl—l—BG’2
LL —
NSzgnal

ASzngle—l—BGl—i—BGQ] Npai ABGl

NS’zgnal

NBGQ ABGQ
NSzgnal

A, from signal window.



Subtract 2background asymmetry

A, from signal window A, from BG window

evical T Evic [N €vo- I
piy / no pi0 event
\

\pio

Our new background subtraction formula.

Single+BG1+BG2 NBGl NBG2
[iLL l LL '
NSzgnal NSz’gnat

A, from signal window. Background Ay s

A NSzgnal+BG1—|—BG2
LL —
NSzgnal




Subtract 2background asymmetry

» Zero consistent.

* We wait theory curve.

— 015
- 8.8% polarization uncertainty

< ’V—_
-PH- 7~ <ENIX not included
“tpreliminary ’

—_

005 BG window
: - R

no pi0 event

llllllll

\

/

Illlllll]lllll

= deddd Ll ) ) - I ) — l ) - l ) - I -
EEeeaera e = -
006 008 01 0.2 014 0.4 : 8 g 10 11 ’

M, [GeV/c?]

Our new background subtraction formula.

A NSzgnal—l—BGl—I—BGQ Single+BG1+BG2| NBGl 1BG1 Npa2 ABG
D) — N L Ne. LIl | No 19IL
Signal Signal Signal

Klmlak1 Hashimoto Rikkyo U.



Summary

PHENIX inclusive 7 (05+06+09) prefer non-zero A,

To decide sign of A G, A, also important.

We are analyzing RUNOQ9 data with HBD. We expect clean separation between
various particles(e*,m*,K*).

Cleaner channels

Single electron from heavy flavor ; We hope to analyze VTX data.
Direct Photon ; We are analyzing RUNO9 data.

New channel ; Di-t® A

This is a first measurements of A;; which was measured by “pair” objects in

PHENIX Spin group.
The subsequent studies are 1-h* , m-Jet or Di-Jet A in Central arm.
Di-Jet will be measured by sSPHENIX Central Barrel and Forward.

Kimiaki Hashimoto Rikkyo U.



Backups



Method of A;; measurement

RHIC CNI (pC) Polarimeters
~s

°.

Absolute Polarimeter

Siberian Snakes

Spin Rotators

Spin directiopn spin direction N

'it:‘w

@0 : 2 bunch of protons (~2X10711 protons)

Pol. Proton Source

A _ O44 — 04— - 1 N_|__|_ — RN_|__
L= 04 —|—O'_|__ N PYPB N_|__|_—|‘RN_|__

N.. ; Number of measured hadrons which come from helicity like coll.

R ; Relative Luminosity



Direct Photon
have sensitivity of size and sign of A G

Now, We are analyzing RUNO09 and 500GeV data. e R G R
| pRYENIX RRshemEimen | -
o4l PH (ENIX Rrefreibeimnn) ;
L | Ok
s qg
0.2 __ 0.6 —
. El GRSV-max
L e - TTTTY FPPPTCTTTYT) PETTr T Ouesss i ]
o .I—_ ------- Breces T ..... Aewecnnrres IJA --------- UJC';J éj/;(-;::ﬂ::::: 04 B B
- _G I -
L [ |
0.2 02 | qq+gg+ .
| 8.3% scale uncettainty ndt included L L L
04 . 9.7% scale uncertalng not included 0 : 110 ll<
PR VU IR NS ST R - ; " pp [GeV]
6 8 10 12 14
p. (GeVic)

* g-g scattering(75%) .
+ g-gbar annihilation(25%).
Quark-Gluo * Not need to consider FFs.
Compton
* Large photon background from 7°, 7 .
* Statistics limited.

q




The 1 production
have sensitivity for sign of gluon PDF

A can write down........

ATD™ = AG1AG26Y, + AG 1 Auad? + AG Adadh + - -

Kimiaki Hashimoto Rikkyo U.



We know quarks PDF from DIS data.

A/, can write down

ATT = AG1AGRad, + AGl%&%‘JL + AG BRI + - -

00000000

|

¢ £ 8 R L LR | LA R Y LR L | L b | LA R R
- X(Au + Au) \ 1 x(Ad + Ad) \

03

02 -

01

Lo1ssie L1 sl TR el yo sl Lo
We already know sign of quark’s PDF.

Kimiaki Hashimoto Rikkyo U.
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A/, can write down

T e Y
ALL Dy

And we want to know
sign of gluon PDF from m* production.

00000000

This is what we want to know.

04 !..I ——rrr

- X(Au + Au)
03

02 -

01

1+ x(Ad

|

+

Ad) \

We

Kimiaki Hashimoto Rikkyo U.

L1 sl TR el yo sl Lo
already know sign of quark’s PDF.

-0.15



In 1 - production,
u—=2>T " is larger than d=21"

This is what we want to know.

FF u,d decay into 7,0 ux DSS NLO x0.1
] . d 7 DSS NLO x0.1
E)N' un® DSS NLO x0.1
N 102 dz° DSS NLO x0.1

In 7 - production, DCl >D,

S oo by s by ey by oy by oy by by gy |
1097 0.2 0.3 0.4 0.5 56 o7 0.8 0.9

z

From FFs,

In 1w - production, u=> - is larger than d2>mw .

Laeenl Lol

We already know sign of quark’s PDF.

From PDFs,
Sing of u and ubar’s PDF is positive.

-0.1

. 4-015

Sign of d and dbar’s PDF is negative.
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In 1 * production,
d=>m *is larger than u=2m*

This is what we want to know.

0.05
FF ; u,d decay into 1+,0 —
{3; - dn* DSS NLO x0.1 0
E un® DSS NLO x0.1
N 107 —— dx° DSS NLO x0. 005
10° Q=10 GeV?
10° \ -0.1
10° T T, [ A E
1 We already know sign of quark’s PDF.
e Inm pI‘OdllCthtl, D d < D From PDFs,
10-8 v by v by vy by by by by | IR ; £ A
0oz 0304 05 w5 07 08 o0 Sing of u and ubar’s PDF is positive.
Sign of d and dbar’s PDF is negative.
From FFs,

In 1 * production, d=>7 * is larger than u=>m *.
Kimiaki Hashimoto Rikkyo U.



It AG>0,
2 01 T larger tham 24 @it

his is what we want to know.

un DSS NLO x0.1
S dx DSS NLO x0.1
(Q 10"
N un® DSS NLO x0.1
(=]
N 107 —— d7° DSS NLO x0.
-3
b Q* =10 GeV?
10* \
10°
10°
-7
e In 1 * production, D, <D,
D A IR IS IR SR SR S Lo nns
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
z
From FFs,

In 7 * production, d2>m * is larger than u2>m*.

Laeenl Lol

We already know sign of quark’s PDF.

From PDFs,
Sing of u and ubar’s PDF is positive.

-0.1

. 1-0.15

Sign of d and dbar’s PDF is negative.

When AG >0, ALL < AZ_II:
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If AG<O0,
A;; of T~ larger than A;; of T~

his is what we want to know.

0.05
FF ; u,d decay into 1+,0 —
{3? - dn* DSS NLO x0.1 0
E un® DSS NLO x0.1
N 107 —— dx° DSS NLO x0. 005
10° Q=10 GeV?
-0.1
10 \
10° T T | T T T C A
1 We already know sign of quark’s PDF.
e Inm productlon, D d < D From PDFs,
10-8 o e v by v vy by by v by by | IR ; £ A
01 Tez e Tea s 06 a7 08 o0 Sing of u and ubar’s PDF is positive.
Sign of d and dbar’s PDF is negative.
From FFs,

In 7 * production, d2>7 * is larger than u=2>w*. = When AG <0, A I > A _l_
Kimiaki Hashimoto Rikkyo U.



